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Abstract

Nuclear parton distribution functions determined by Hirai, Kumano, and Nagai
(HKN) are explained. Their analysis method is introduced, and determined nuclear
modifications are shown.

1.1 Analysis method

Nuclear parton distribution functions (NPDFs) are determined by a global analysis of world
data on charged-lepton deep inelastic scattering and Drell-Yan processes with nuclear tar-
gets. First, the NPDFs are expressed in terms of a number of parameters which are deter-
mined by a χ2 analysis. Since the PDFs of the nucleon are relatively well determined, it
is appropriate to parametrize nuclear modifications from the nucleonic PDFs. The NPDFs
are defined at the initial Q2 scale (≡ Q2

0 = 1 GeV2) as [1, 2]

fA
i (x,Q2

0) = wi(x,A,Z)fi(x,Q2
0), (1)

where fA
i (x,Q2

0) is the parton distribution of the type i (= uv, dv, ū, d̄, s, g) in a nucleus,
fi(x, Q2

0) is the corresponding parton distribution in the nucleon, A is the mass number,
and Z is the atomic number. The function wi(x,A,Z) indicates a nuclear modification for
the type-i distribution, and it is expressed as

wi(x,A,Z) = 1 +
(
1 − 1

Aα

)ai + bix + cix
2 + dix

3

(1 − x)βi
, (2)

where α, ai, bi, ci, di, and βi are parameters to be determined by a χ2 analysis. Here, the
valence up- and down-quark parameters are the same except auv and adv . Since there is no
data to find flavor dependence in antiquark modifications [3], the weight functions of ū, d̄,
and s̄ are assumed to be the same at Q2

0. We impose three constraints by baryon-number,
charge, and momentum conservations, so that three parameters are fixed.

The initial NPDFs are evolved to experimental Q2 points by the DGLAP equations.
Using the evolved NPDFs, we calculate FA

2 /FA′
2 and Drell-Yan ratios σA

DY /σA′
DY , and then

the parameters are determined by minimizing χ2.

1.2 Determined nuclear PDFs

Here, we explain the main results of the HKN07 analysis [2]. The used data consist of
290, 606, 293, and 52 data points for FD

2 /F p
2 , FA

2 /FD
2 , FA

2 /FA′
2 (A′ ̸= D), and σA

DY /σA′
DY ,

respectively. For the total 1241 data, we obtained the minimum χ2 values, χ2
min/d.o.f.=1.35

and 1.21 for the leading order (LO) and next-to-leading order (NLO). Determined NPDFs
are shown for the calcium nucleus in Fig. 1 at Q2=1 GeV2. LO and NLO results are
shown with uncertainty bands for the nuclear modifications of uv, q̄, and g. The NPDFs
are determined more accurately in the NLO because the uncertainty bands are generally
smaller in NLO than those of LO.
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Figure 1: Determined nu-
clear modifications in Ca [2].

The valence-quark modifications are well determined be-
cause of accurate measurements on the F2 ratios at medium
x. The small-x region is fixed by the baryon-number and
charge conservations together with the modifications in the
medium- and large-x regions.

The antiquark modifications are also determined well at
small x due to measurements on F2 shadowing, and they are
also fixed at x ∼ 0.1 because of Fermilab Drell-Yan measure-
ments. However, the region at x > 0.2 is not determined at
all. Right now, the experimental project is in progress by
the E906/SeaQuest collaboration to measure this medium-
x region. In the near future, the uncertainty bands should
be significantly reduced for the antiquark. There is also a
possibility to measure the region by a J-PARC experiment.

Gluon distributions have the large uncertainties. They
contribute to the F2 and Drell-Yan ratios as higher-
order effects. It indicates that the gluon distribu-
tions cannot be accurately determined especially in the
LO analysis. In the nucleonic PDFs, the gluon dis-
tribution is determined by scaling violation of F2 mea-
sured at HERA. However, Q2 dependence of FA

2 /FA′
2

is not measured accurately, which makes it difficult to
pin down the gluon modifications. The small-x NPDFs
are dominated by huge gluon distributions, so that it
is essential to determine them accurately for new dis-
coveries by high-energy heavy-ion experiments. There-
fore, it is important to measure Q2 dependence of FA

2 /FA′
2 at EIC for determining nuclear

gluon distributions.
In the HKN07, the NPDFs are also investigated for the deuteron. In obtaining the

“nucleonic” PDFs, deuteron data are used after crude nuclear corrections. Since the cur-
rent PDFs could possibly contain nuclear effects, appropriate nuclear corrections should be
applied in future for excluding such effects. Our codes for calculating the NPDFs and their
uncertainties are available at the web site [4]. The technical details are explained in Refs.
[1, 2] and within the subroutine.
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